
PLATING MEDIA FOR THE IDENTIFICATION

OF SALMONELLA

The present invention relates to an isolating plating medium enabling the

presumptive identification of Salmonella, and to methods of isolating bacteria of a

particular type from other bacteria in a plating medium.

BACKGROUND OF THE INVENTION

Salmonella is pathogenic for man, and the identification ofSalmonella

bacteria is a significant problem in medical bacteriology and in monitoring foodstuffs. It

is of particular concern in the poultry and egg industries.

There have been many efforts to develop a selective plating medium for

identifying Salmonella bacteria in samples containing mixed bacteria. "The

Compendium ofMethods for the Microbiological Examination ofFoods" published by

the American Public Health Association, 1992, describes some ofthese prior art

processes at pages 382-383. In general, the prior art plating media for identifying

Salmonella bacteria in a sample of mixed bacteria lacked specificity, were difficult to

read, and were subject to false positives and/or false negatives. Further, many ofthe

plating media of the prior art provided nutrients that are more advantageous for strains of

bacteria other than Salmonella, hence providing a faulty indication of the presence of

Salmonella. As a result there has been a continuing effort to develop a plating medium

for identifying Salmonella in a mixed sample that overcomes or reduces the deficiencies

of such media of the prior art.

The prior art includes Patent No. 4,279,995 dated July 21, 1981, to Woods

et.al. entitled "Selective Salmonella Carbohydrate and Medium Constructed Therefrom"



which discloses a plating medium with 2-Deoxy-D-Ribose as a selective carbohydrate for

Salmonella and a pH indicator dye to respond to carbohydrate metabolism. The media

allows the growth of Salmonella spp., Arizona spp. to the exclusion of other

Enterobactenaceae, but it also permits the growth of Citrobacterfreundii.

Patent No. 5,098,832 dated March 24, 1992, and divisional Patent No.

5,194,374 to Rambach entitled "Isolating Medium for Identifying the Salmonella

Bacterium" disclose a plating medium with 1,2-propanediol/silica gel that is

metabolizable by Salmonella and a pH indicator to react to acidification ofthe medium.

The patents also disclose the addition ofa beta-galactosidase chromogenic substrate to

increase the specificity of the medium.

Patent No. 5,434,056 dated July 18, 1995, to Monget et al., entitled "Method

of Bacteriological Analysis, and Medium for the Detection ofBacteria ofthe Salmonella

Genus" discloses a plating medium in which the acidic fermentation ofsodium

glucuronate monitored with a pH indicator, and a beta-D-galactopyraniside chromogenic

nj substrate are used to facilitate selection ofSalmonella colonies.

p Patent No. 5,786, 1 67 dated My 28, 1 998, to Tuompo, et al., entitled "Method
pais

and Culture Medium for Identification ofSalmonella" discloses a plating medium in

which the acidic fermentation of melibiose, mannitol, and sorbitol is monitored with a pH

indicator, and a beta-galactosidase responsive chromogenic substrate is used to facilitate

selection of Salmonella colonies.

Patent No. 5,871,944 dated February 16, 1999, to Miller et.al, entitled

"Salmonella Preferential Media" disclose a plating medium containing lactose and

cellobiose as the carbohydrate source. In one embodiment, the production ofH2S is used
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to indicate Salmonella. In another embodiment, 5-bromo-4-chloro-3-indolyl-beta-D-

galactopyranoside is incorporated in the medium and this chromogenic substrate is used

to provide a color change to indicate bacteria other than Salmonella.

As indicated by the prior art set forth above, there continues to be a need for a

plating medium for the differentiation ofSalmonella that is more specific, easier to read,

produces fewer false positives or false negatives, and is more sensitive to Salmonella

bacteria.

SUMMARY OF THE INVENTION

The 1981 Patent No. 4,279,995 ofWoods and Wilkinson, supra, discloses the

process of selectively differentiating Salmonella spp., Arizona spp. and some ofthe

Citrobacterfreundii from other members of the Enterobacteriaceae by using a medium

containing 2-Deoxy-D-Ribose as a carbohydrate source and monitoring the metabolic

acid ofthe medium. This patent further teaches the use of inhibitors to reduce or

eliminate response ofthe medium to Citrobacterfreundii and other non-target bacteria,

but inhibitors also tend to have an adverse effect on the growth of target bacteria,

particularly some strains ofSalmonella. In accordance with the present invention, at least

two chromogenic substrates are added to the differentiating medium to color colonies of

non-target bacteria with essentially the same distinctive color, a color that contrasts with

both the medium and the color produced by detection ofthe metabolic activity of

Salmonella bacteria in the medium.

A plurality ofchromogenic substrates is desirable to differentiate a sample

containing a mixture ofmembers of the Enterobacteriaceae because a positive reaction

between the substrate and non-target bacteria is necessary, and chromogenic substrates



are generally selective. For example, Citrobacter does not react with beta-

glucurona^y^^side but is reported to be 93% positive to beta-galac^^ro^ide.

Hence, the present invention, in its preferred embodiment, utilizes beta-galactopyranoside

substrates and effectively eliminates a response from Citrobacter which takes the color

ofthe substrate.

Many ofthe bacteria that are found in mixed samples can be removed from

the differentiation process by inhibitors without adversely effecting growth of Salmonella

bacteria, particularly bacteria that are not member ofthe Enterobacteri&ceae.

Accordingly, a preferred embodiment of plating medium according to the present

invention contains inhibitors.

DETAILED DESCRIPTION OF THE INVENTION

The selection ofthe carbohydrate, and the substrates determines the

selectivity of a plating medium according to the present invention. A plating medium for

differentiation ofSalmonella bacteria, according to the present invention, can use most

carbohydrates that produce metabolic reactions with Salmonella, but preferably the

carbohydrate will not react with other bacteria, particularly other members ofthe family

Enterobacteriacese. 2-Deoxy-D-Ribose, xylose, mannitol, dulcitol, sorbitol, L-rhamnose

and D-arabitol have been found to be suitable, and of this group of carbohydrates, 2-

Deoxy-D-Ribose is preferred because of its strong positive reaction with Salmonella

bacteria, including Salmonella typhi, and very few other bacteria ofthe

Enterobacteriacese.

The selection ofthe substrates depends upon the carbohydrate selected, since it

will be the function ofthe substrates to change the color of colonies of non-target bacteria



to a common color that may be substantially ignored when assaying Salmonella colonies.

The substrate may be either chromogenic or fluorogenic, and it is intended that the term

substrate include both forms of substrates. The preferred substrates for differentiation of

Salmonella are 5-bromo-4-chloro-3-indoxyl-beta-D-galactopyraniside 5
5-bromo-6-

chloro-3-indoxyl-beta-D-galactopyraniside, 3-indoxyl-beta-D-galactopyraniside, 6-

chloro-3-indoxyl-beta-D-galactopyraniside, 4-nitrophenyl-beta-D-galactopyranoside, 2-

nitrophenyl-beta-D-galactopyranoside, 5-iodo-3-indoxyl-beta-D-galactopyranoside, 4-

methylumbelliferyl-beta-D-galactopyraniside and N-methylindoxyl-beta-D-

galactopyranoside, but other substrates that do not react with Salmonella bacteria and do

react with non-target bacteria may also be used. The substrates should be selected to

produce water insoluble precipitate ofapproximately the same color from non-target

bacteria.

2 It is also desirable to increase the production of precipitate from the

h chromogenic substrates by including an enhancer in the medium. The preferred

U i

ru embodiment of a plating medium according to the present invention includes the

enhancer Isopropyl-beta-D-thiogalactopyranoside. Other suitable enhancers are 1-0-

Methyl-beta-D-galactopyranoside, Ethyl-beta-D-thiogalactopyranoside, and Methyl-

beta-D-thiogalactopyranoside

A pH indicator dye is required to produce Salmonella colonies of a contrasting

color with the colonies of non-target bacteria. In the preferred embodiment of the

invention, the non-target bacteria produce colonies of deep blue or purple, and a suitable

pH indicator dye that will contrast with the deep blue may be red. Accordingly, the

preferred embodiment incorporates a neutral red indicator dye. It is to be understood that
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other dyes may be used, provided the dye contrasts with the color produced by the

chromogenic substrates and with the color of the medium.

A number of inhibitors are desirable in the plating media of the present

invention. One group oforganisms that may readily be inhibited are gram-positive

bacteria which are inhibited by bile salt and bile salt #3. Other inhibitors that may be

used in the media of this invention are tellurite to retard the growth of Escherichia, sodium

novobiocin to inhibit Proteus sp. and cefsulodin to inhibit Pseudomonas/Aeremonas sp.

The following table sets forth the ingredients of a plating medium that

constitutes the preferred embodiment of the present invention.



TABLE 1

Chemical Grams/liter

Yeast Extract 3.00

Proteose Peptone 1 0.00

Lab Lemco Powder 1 .00

Sodium Chloride 5.00

L- Phenylalanine 3.50

Ferric Ammonium Citrate 0.50

Bile Salts #3 0.40

Bile Salts 0.20

5-bromo-4-chloro-3-indoxyl-

beta-D-galactopyraniside 0. 1

5

3-indoxy1-beta-D-galactopyraniside 0.15

Isopropyl-beta-D-thiogalactopyranoside 0. 1

0

Neutral red 0.03

Agar 15.97

Deionized Water 950 ml/1.

Supplements

2-Deoxy-D-Ribose 12.00

Sodium novobiocinocin 0.02

Cefsulodin 0.006

When preparing the medium, the ingredients, excepting the supplements, are

mixed together in any order and thereafter boiled and cooled to form a basal medium.

Thereafter, the supplements are added to the cooled, boiled basal medium just prior to

completion ofthe plating medium.

Table 2 sets forth the results of tests made with a medium according to the

preferred embodiment of the invention, as set forth in Table 1 above. The bacterial

strains were incubated on the medium of Table 1 for 24 hours at 35 degrees Celsius, and

Table 2 reports the results..



TABLE 2

Bacterial Strains #of
Strains

Colonial Morphology

Salmonella spp.

(noo S. typhi)

40 • Raised colony; 1 .5 - 4.0 mm in diameter-,

Reddish pink color.

Some strains may have a pink precipitate

surrounding the colony or a clear to light

pink ring around the colony.

Salmonella typhi 1 • Raised colony; 1.0-1.5 mm in diameter.

Reddish pink color with no precipitate

surrounding the colony

» Clear to light pink ring around the colony.

Salmonella tennessee 1 • Raised colony; 2.0 - 3.0 mm in diameter.

Dark blue color with a pink precipitate

and no clear ring around the colony

Escherichia coli 0157:H7 10 • Domed to raised colony; 1.0 - 3.0 mm in

Diameter,

Bluish green color with bluish green

precipitate.

no clear ring around the colony.

Escherichia coli 9 v<5» Domed to raised colony; 2.0 -4.0 mm in

Diameter.

> Bluish green color with bluish green

precipitate.

* jno clear ring around me coiony.

Escherichia coli 4 Dom£d)to raised colony; 2.0 - 3.0 mm in

Diameter.

• Dark blue in color with a pink precipitate.

» No clear ring around the colony

Escherichia coli 1 Raised colony; 2.0 mm in diameter..

• Reddish pink color with a pink precipitate.

• Thin clear ring around the colony.

Escherichia hermannii 2 • Domed colony; Pinpoint to L0 rnm in

Diameter.

• Clear to greenish blue with no precipitate

and ring around the colony.

Citrobacter dxversus 1 Domed to raised; Pinpoint to 1 mm in

Diameter.

• Greenish blue color with no precipitate.

Citrobacterfreundii 2 • Domed colony; 2.0 - 3.0 mm in diameter

• Dark blue to bluish green in color with no

Precipitate and ring around tlie colony.

Serratia marcesceens 1 • Domed colony; 2.0 mm in diameter.

• Light green in color with no precipitate.

• Thick clear ring around the colony.
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Hafnia alvei 4 • Domed colony; Pinpoint to 1 .0 mm in

diameter.

Bluish green in color with bluish

green precipitate; no ring around the

colony

Enterobacter agglomerans

Enterobacter cloacae

Enterobacter aerogenes

Enterobacter sakazakii

4 • Domed colony; 1 .0 - 3.0 mm in diameter.

• Bluish green in color with no

Precipitate.

• With or without a clear thin ring

around the colony.

Klebsiella ozaenae 1 • Domed colony; 1 .0 - 2.0 mm in diameter.

• Clear to tan in color with no precipitate.

Klebsiellapneumoniae . 2 • Domed colony; 2.0 - 3.0 mm in diameter.

• Bluish green in color with bluish

precipitate arid no clear ring around the

colony.

Morganella morganii 1 • Domed colony; 1 .0 - 2.0 mm in diameter.

• Clear to cream color with a brownish

precipitate in the medium. No clear ring

around the colony.

Providencia retigeri

Providencia alealifaeiens

Providencia stuartii

3 • Domed colony; Pinpoint to 2.0 mm iii

diameter.

• Clear to tan color with brownish

Precipitate in the medium. No clear ring

around the colony.

Acineobacter calcouceticus

Proteus mirabillis

Pseudomonas aeruginosa )

Yersenia enterocolitica

Pseudomonas pickettii

Aeromonas hydrophila

8 • No growth for all strains tested.

From Table 2, it is clear that the medium ofthe present invention is highly

selective for Salmonella spp. and Salmonella typhi bacteria, and that samples containing

mixed bacteria on plates of that medium that have been properly incubated are readily

assayed because the target colonies are uniquely colored. The use of a carbohydrate and

a pH indicator dye to color colonies ofthe target bacteria and multiple chromogenic

substrates to color colonies of non-target bacteria has provided improved selectivity and

facilitated assaying. Salmonella bacteria are positive with respect to the selected

carbohydrate, and negative with respect to the substrates, thus forming colonies with the



color ofthe dye. Non-target bacteria are positive with respect to one or both substrates.

If the non-target bacteria are negative with respect to the carbohydrate, colonies ofthese

bacteria assume the color of the substrate. If the non-target bacteria is also positive with

respect to the carbohydrate, colonies of these bacteria will assume a color that is a blend

ofthe color ofthe dye and the active substrate.

While the plates of the preferred embodiment of this invention are designed for

the identification ofSalmonella bacteria, those skilled in the art will be able to adapt this

invention readily for the identification of other microorganisms. It is therefore intended

that the scope of this invention be not limited by the specification, but rather only by the

D appended claims.
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